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,... ""aar of ,twIw" to> <~.....~1M. ,~<.. of rocIr. 110... bee•
...<Ia. 'n>o ....l.ll fccto.. of o)l'Orell' ~ea:>ca "Mclo 1>a'o" _au Uo:
0) ,.rtlclol _try (c....tl!». called ,hop<> "" OjIborlclc7), 1» _loIrlry
(~..l .",1 0) ourf.tloa~•• (<extu...). TboT. uo tv<> rll.CU.t
.Ild l.llf.......tho _.le. to,. c:.-o~1 (Ill ""~ Katboor (2) b.>:MN "" 01>011•
• "",,,o~ to &.."r1" panl.olo3 ",.-t%)'. ''''l~,
<>nil. partlela behcvlo-r ta bul~.
fOll"ti.cla <It tho t1ae ,,1131> it u ulOQ<\: oj el1'" of rock; b) llOOl,,*l.c
hl.tory; oj en>" of =:.h1q;; ood 4) .1.I1l>s ":;>oeM!.'" (I) (3) (~J (5) (6).
A~r of q~Ut<ltt... t<lrEa ..~ ated to> ~1l:l:<l~' a 1'1"". of to,1<
('""""""", tn..;;ubr, fl'." 00<1.0. <I~=1. 1>1..;I4<t, .~..ld_""l.a:l.ob).
TbeN t.aw \>0"" atto"!,co to Q"""tUy ponte!o 41r~l.<>".... by ••"..ullcd
.,"""ieU,. fu<o. s, (n eel
,
s -V;A/: . z ("
II<ttc d. l.a uten o. tI>e d~:et of • ephar<> of n •• _ vol.... a. t1>o
"""" h ddlll''''<i ebol ~t.lc ohapa a! • 1"'001<>10 1t «cMned. by ".1<>&
.lIn" ::.0'''''1,<1''0 _"0'''''''0<0; "*,,,,11, l~{tl••hott (oj ",,<I ""dl"" (..)
dWOcal.O!:.o (9) (10) (H). f"", l.ll.u:xo, 1.0. hS!H ileof.lollel= C-l25 (ll)
3,t.eo. 1.... f .......~1.II.l; ,..~ f,_ ~fl.u~ 1.0 ".i_OK.~ !1M>
...:w..• ., .. ,'.t .. t<>r .U:.".Uu... • ....... ..,.,I.000o c1. .....
.... ...
• .. l"I 11.10 ",",!;p.t. _
n~.
--
_"UU::. <- J.OUooO", ..111_ _ ""'-'7" t
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•0"",, .dp~ <:aD be clo ......1.DCd 111. d4tU"" to tlot .0411 of t1..~.
off~. (12) .
• tenoiDatl.ODo bow __ ".UIa ••••• of plnkl•• f<>r ...1. ..1....
O'I*Q1na:', __t of _1q 100 bulk, _-=-t of .".1. of ..._
10.<1 ..tl••••.2 tn.....-.1.. "". Yn'U<! .,,4 ""3"la.1O, ._" to tIo.
~(."" rp."...
l'!>a od.tei>". of """f&c.. t~J'" Or """Il!mIs. 01 _ope. _ru.•
•wu,.. to boI 1M> clof1.DJ... "11I' d ....Ututl._ of <ouYma•• __
1:1 q....Ut.otl.. -... (rOU8l>. _~. fUn_. poo..... _ ..tell.....
:dcl&H, pitted, deuu.l, a'TUtd, tro,..d. o"'bod, aee.). _....,_"t
"f ......1 our!..... area of • = ... 1.11 I"'U._ and rouP l~.t<lDf; hoe
._ ",,-, eho .~ ..... ""...._. th".. ,!.roo. '"'".... tMn till
pcH.t.a4 ""... (21). Ilacka (i2) 1>&. po!.l>.td aut olla. -"0 ......... k~
of ...da.,. rooaJ-'"' .1>ruI>~ and _1.oto:r1·
l! -n.. ._d"" h...,.1<1 ...t..,.., to ... f • ....,.,.. (t) _ (2) fO'O • ~.
detdl.&<l du""..l.on of .1010 ."bJ..,t.
,n.e -...I rod< pla... ,,1tJ:1 upl..alt, ocu.,..,. I:tlo ....... _ to ebo
11'- _d _ tbo ~t of .""halt loft ..... \1"'lca_ of ..."f&c:.
Mm"nl.ty ~p4 '''''&m'. C<!iIbI!!!4
II: 1.... ' u.b1IUVClt,P, ... ,. .bo"" """ _tr]' of aD '''--'0 p~
ro<:~. __ {ll _. to COCIbIae onsul.adty and ..,,_'. ( ......SlIaO•• j
lntO _ ..... : .&!:l:!l.......bar, _atb1,~. Un> WO<Ild "* flI"!!t1q (ll).
~I.dntd. or ....1Ilk1d, _ "" blI opp1l.e.obl. to Ittqulu portl.el.. of
aarq:>.... (It ...y al... ..",""""•• _ .,1 t!IO' .or!aCCl YOU, of tboo
rack).
TtIIO DC4I of ophodc1ty ."" ._..... ""AUU " _<1.1~ to
......... or _to lncll"l.o. f&ntcl.. ,,1tl> opMreo. _ttl.u (0) or
",,1.60 10" _ .. of pu"h'" ap/>e>;.., ~«lo<>ol Ur. • ca:rta1n or<ift ore nll
_ (lllI). Tllr_ ca", rw .,...••1&& .pt>o........ il....,. 1Ir<.,
(al _.10 cub!... l ,.t~
••
,•• I - f" CoL "1,, 1) • I - . 'lllo ...:il5o (a6.~l
.(2 ....
J.- ~ f 11 __ 01' .. _ trzwp.... ,....u.olM, ... ,....Hw .-117




t!loo uti_ ely .kout. boo _~ly toclope:><lont of
It.lf••1=<0 • &ad J toDd :.0 va.,. t_llIe• .3
U.. M."". of s'" .oe"
m
_l~ .. 'tbd..o
_!a,..... f ...eoo , """"". "" ""p.-...... tho 1__11' 1-. ."".. ......,••





," .. dl.o_ of tall
c_u....., aeul."•• toa """••"'"' , :Lo """"."fl. TIMI ....lul ......ut... f....
nt..~ and ~U_ to .C..I.enC1OI:l 1.0,
•
"''':Ik (V)·
_. f .. l"""l......"'. cp'
0... acool""atl.Dl\ l.a I'.
"-_I<_U_
!la5>"" d Llteutl1x,
pt..Ucla ~oporU.. _ NbIlv1.or. 110 ••~t ba. _ """ to go \De.
" dl.......atoa of pubU_d datil bAM<! OIl. '""1'*<1:00<1 ...1 ...1cleac:. l.nvolvlq
!he hrQ' of tbo Utora.u•• bo....c14 1t .ppt......t that:
(b) T!>llr<: 1. " "".d to f1A<l .tId tl.a ID ....:h CMutted.otLea t<>
I:lw bftbAvl00" of paroLeI.. with dUf....,. _altl.ontl _ of"" in b>llk
• 81Dca ......u ... , lA .., _ (~l hila " .tnor .rror _ .... derl"...1oG
a 81_. it "" dfth In ~ppooIl4U 1 of "-'Ito P",....
8:lIlIOUTlCt.L COllS1lIUI>T1UlS
TIIi.o "",U"" .s.lc~l_ .IuI booc~ .....-tug 1 to
lUont»ry to _ ,...,tiell puld. 1_ __ ....ful
tollCOl'" _ .....1..... "ltb ... "",,"pc. n.e _I.ll ~i. 1. vta-d
oa _1_ (__.tEe) l"'~Utl'" .bout ,.. 0 ..\1 &Dd 0.010 to l.Jl vel_
CY", 316 lo.cl 118 1=11 ~.i.o.").
Partiel, yOlla!! • B1UR«>11 G ta
'"'" bulk '101.- ot • _ of ....,Uel•• l.II. • COIita1nE tl, _
otl\Olr th1np, • 1""".1_ of .lw vol.... of .-ell of~. To ,taU "leb.
It 10 u ...... tbo.. tilt nl_ ..til." I wctel. cccuplO. 1n • ""'.. of
otbor ptrtl.d.. IAotH"ly deun.1.alO. tho _tt]' eD' tho , U. 1.JI. bulk ......
UIIt '!>crd..... thi.o '101_ to """"'tao... fir II tho _ of eM
"_nl to VIltl.oul t""••• U toocen>o>4. n.o "",111_ U hoi"" 1.0 to
.tt.... to oJefl.u tboo "01_ "f • puUtll, • ..,..111117 1f 1. lo tn."'i.ot
1n .hop" II ""ll ........p (IIlP ruAUY)'
In _ to <IIIftnoo obi vol... of any puU.cb, It 1.0 COlW8Q~t to
_ • _ttl<> f~ ""1,<.1> 1""". Hoell to _1.,..1 _crlpU."" and.
......1)'1:1....1 ..""I'I'14U.0II . .u po!loc.d OUt Ul tl\.o U ....... ""... .....".,.••1>0
_ ...._t of I."......... aM Il><>rt .t..oo1al...... of • parOWI l.o l><I' •
_ Wou. 51.... l.ll tho fwld of 1I8"PC<OI .-. ..... ,....,UCllUy ....
....., .pIlon_, rod. Ot otM' ....... lar .bapeo, will' "". h1 CO fit aD
.Ul.p&Old r"" .U tn>e. of pIl"Ud.. a•• ae-at"ic fo""T
!'lie vol.... of ....1l1p1lol.d 1••bqol7:
,n)
""ckina Vot... of • ""..tltl.
1011 .....,fa... of perUel.. pO..... _ U"" o,f ~... no.
_u "" UI""'Ute. of the """,,1_.. en __ .....-Iy. for .....,1.,
,11 .... ,~••, ......_ 1~=- ..... 110 _ .......lCh _ ,,_...
.-u nor- .UI IIX ba atot-. .0 _ 11_ .... "'''''''11, cat
___". IuU.d, ........tl~ "Ul __.- U eM~ ........
.... -1:1' _u ,....u.. 01 "Ul .. Ia __• ::0).~•
... _'- >ollt.dIo • pa- Itt' rod:. """"'P1M lit. • _ ., • .- .....u.a.-
"...u. __ (_,."".... t..
~ LH u..t. 1.0 _i 1:1 tIlI.8 • ...., .. <t.o". _:.-~ eM




.~.,uU4 of ItII .....ld•
"
•·...t ... ., la..."...1 _101.
'.• .....1... "
... to,""" ",,1<1..... IW"" IrTqul~HIA•
=)
••,..-' , •• 'PI"" tIl.
111 ella to. t<IOT. ,...,~..q ••1... .- boo _ ...... ..,. _.~ •
I'<ld< l.a ......H, __ :Joa _a aqbol< ...... ca .. .-u or ClN
_: _ "1PlIr6 tM ,Ia,. 1a &I.. ,-'J.efIn nl:
_ W _1 -4lIt• .- ,I... ..-le, l.a &I.e
II _~ l.a_~
0 ..to~, of-.._
"n.o tPt of • nocIr. ,,,- u ab __""~ ... lnoI _'l.oIII ....1_
fw _U l _It..t~ "" ... Mrl." loll_ (_,~ 1"'.
"'",+v+y, .. .. .
, .-"-, ..
. - . '"
_. 'f ,··......1 ..... _to... ...u. IO':ll!Ula<l ....'10 ..,bal.
'f _1_ of arpl>oH otu< "."o,lAc
......tab. of dz]' <uk ,~
t ........ spicUle It'!' ., 11dlI plWl vol.U u..toMu.. ._
-. Cloo 1t U ...
',.~""1_
'fa .. ...,~ at &OI!Uo ., _ Utt.
,.. _t- c! oopbo.l • t., ..Ul _ ". __ ....... _
...,_ .........•• .. 01 • ..-,w..'~......~n_"
''Oil ... ',.1&)
n~ ._1)' ..,..... t.. .. tty.. ,..t,.....1_ '" _ "'1Pt of tb
tock "- .. _.to. of __Uta P"_t~ 11:__ ...._ ....... _ _ t...
~..... ~t.,. ..,
n.o .._tl.alt to:< 0...., t.,
,
1;....... " U IIl"' ...I.
t. ·0.
, ... 1·1_ ,opt>att 99 rocj!, lilt.. 1''''1';(" AA "1 {_I
_~ ..... of roS, ,.
{nUl
u-.. W .....~t of 'boo roc.. ,~ {~ piece_
v•• _!p' 01 tI>e rocIr. ,iA<Io + ......1. !.It. oto-
".. 01 ......... I~ + ..''''''It Ia ......
W uz,p. of ""1<
II ,...ulc pnlq 04 eapl'a1'
G,. .. _I. -1$0: of • ..."
.~ _tu. G_ 100 _-.. _ • si.... __ ,,,- ,.....WM
• -'<&Ia ............ 1<1 1011__ jut .. I.It. "7 t •• ,. ....Uk _lty
01 (;__.... _t..t t_ -..~ _It}' I. __• ,,10_. r ....,:..c
u ..,.,.,lq.
l."n ...1.0 , 1.."("0& ft taoo .....-•••_rt loatl!"
_I.,otllla - (i rho 11.,.. tlI~ rook, U.. I... tbo lDol !,eQ of 1<1.....
Itu4la1 107 ._ at..~ _ ~._....... _tnl eI ....,lela
po.... I. .....1_. tbo _~ .f ... oUlf>"IA .. , .. -', 1M _ tI>e
_ .... -'_01._. u .... __.....Ia 100,






'or. It..... aU. H aDd ...1"" S
l'r. c. y .. .:t
'rlIh .-. ~.......dl:ltlvGl,. tbIIt I"""pl:l" ptnlllt: • Ilv.., .~
(aM bavLq l.&ndul ..."d • val.... ) "ttl b&M """""tI;OU&d vol....
d1reetly pr<IpO'I"tl_l to obi> l~th !. of tbl. rock pt.ce (_ 'l,gun 2).
Th.I. thO pantel. vol.- dl.otrilN.l.ou a_tel be dlUo".... for d1fferent
boo _alble to un alcYe cradl.ns to ,...dltt vol.- lIt0du.a throup
conelatiD<> ~t<>r••
I'!tklna pe!!!U1.ct. 9f Patfect EIUpr>ld.
hclr.1.D,g d...dH•• _ voU. (l"""_tty) for plId pbenl. _r
cutaia CODflgur.U hi... ofUIl -.. ...ad t"" "-,,1 _ ta l'antcla
ItIl4l.e•• n.. ,..,1 ot. S1>/IUe 10 'I" ~ ,,3,0: an .UlplloLd, V .. glu.
r"" tu of _-aU. _th ....... in aiDpl. eul>1...1 """Id...... tbol
p""... lt)' "1.6 perc...t. It. !nat_d••Ul'....W. of ~tleal ~ _.
D" I •
'or aFIle..1I in " ..blt-tetr.I""I...l pow:ldD,I " .. 39.5 ""..<>o"t ...... f""
.Ul,..,ld. 111 .1IrIl.u UTaaa.-nt.
0"
rt..l1,.. 1n the 6cluaat tetreblldral JlIleld.... fot .p~.".. 26.0l'.
~ f'&ekl.lll f"" .Ulpeoid. Ie .blllIO.. :
a .. I· J!... (...i.. " ! " 1) ".260 (26.0101
" t'(2"·
~ tItc! .bove ""le..lat1oloa It 14 al'JlllNllt that _ .... I""......d
1Ilten.e<ll.et~ fIIId:1.IlI .,f petf""t "'Iuldt.me1one1 .Ulp.eoidl Iiv''' vol.
(fIOltOaltw.1 l<!e:Itled to th_ betvwn po.,.Qd Iph....1 (fOt d".. l".U...
of tba ._ equaUo:a ... "I'P"""I.:< "l.
So iu. t ....1<IenUo.. tin -.. 11..... to tile """fIO (.IUp....I<I) .d
tugod!;J' ( .....faco """lhnaII) of thl panlel•• It """"ld be flOated. ....t
tlIac naealt,. II ""'ad b)' .crap1Jlg _,. dID ba 1Ilfl<aa1>COd trjr
.....latlt)' (the..", l.u tbo toe:k, the bta;l>ar t1>l ""Iloalt)'). Sbat,
Cortelpt •
• phI",••d ......"1<l1IIeno1aD.ll .Ulpo.. ido .... 1<Ic:.cleal undot ......1 pacld...
eOllOllt1oloa. Illnce thO dUpeold g1<o'1l • &O<>'l .ppr""lIMt..... fot thoo
lI_t..,. of ...~lIO.. puUc1I1. It .. e,.,,,,,,lY<lbl. Ollot tho ",""Old...tli
11100 pltk a1a11&d,. to Ip!latleal patUcl.a In ........."Ite•
•
• ... of _11 .... 1;0~... _-
...,1.- po~elc1<l, .boold "- U. _. npr41... 01 thol .,.... 01 ~ock .ad
-pol of """elcb. J".e •• U b ..Iell idML apbftiIa. 'IbI.. =- Utlo of_
w ........, of _11 PIlrUciu NI to tM _t 01 In. _" 112" abooaLd
btl lndltoctl, pnIportloo.l.l to Wlt poockiaa. vol.... 11,1 "'" 'pil'
CD)
)'r<>CCdur...re- _aaory to obtal.o. co.pat.bb ut... '!Ii.... for
_10. _ .. 11 .... ot roclu 10 "pourad" l.oto 1","0 _ld or alDu"""',
tbe cocko IIllIt be dcpo.lta<l _ • 'lalla< he1&bt _ .t .1a11a:c" ftc..
01 ",_d (12). If vlbr.to>:, """'P"ccl"" I.a ""'" tloa ....11: .ccG1UoIU""
...t be I_Ucal (25).
ru.uy, it t "- potntod out tllllt tba porolll.,. or 1.da, "
.......I....-ad hare " t eba .!oaoluta porodey 01 tbtl bulle .1 eboo ••ta
of tbo "ooUd" ....1.- ia poIclctO>a V<llualO, vbJ.cb 1.001...... ....,f ~.
bave 1.6etlet.eal pKle1<l8 pol,odtl.o. l.o.. "'•• , but tho -.at of liquid ....b
.......... or ""'eul7 to fill W 'Wl1pta vold. """ld loa grutar l.o. thoI























































































































































































































































































































































































































































































































....~t. 01 ~~d~loo.. A~t P -. .t al>c>ut 15 per......t. ,t-tlar
heMltq 01 tJ. 0 •• ~~ aM ..... ~""b, ".tela .ppt"Ftu••teoioI......
• de.trc<l D - 15 ..........t in _ c.••.
M _t1._ bol..... • " _ 1>7 PI3=" 110, ~~Id.q ....1_ 01
pol~tid.. "" too -...red. "lu-t W _te.l d.:I""notutt<>:a of n&JOlitr.
It u l:OIMttItn.t. __~, to bo"" cv.stt.l>1. tbe cl>u.ttntlt1" ...l&U....•
lhip botwcll. "",Iltr Ind. <lUI""...t ~~t'e1••u .. (_t-.) for • ,t_
~oclc bou".. it FO"td.u • bod. lor uleulAltl.a& psnul. f"KkUla vol_
t!I:l .-"It 01 • btn&o~, I\ICh ...ophlolt, to boo td><acl vitb ........
:n.. ,...-..,. ~......... lo~ -.-.ltUls ~it:r be... l.a to """" that 1t a<ld. to
II<Ul h...teo\ to 300 , 1.. " "....~_te11:&<l<l taOtl:iI>Ir. TIlIr ...... t_
toW'rH by • 60-10 tt.tioD upbalt .t 3ClO , ,.... tbl:::tr 1,1Iw"• • ,"~
""1,,10 ...,,11 "Mted ~""k "". <lipped. 10. 1cc ...t.... TII.8 _I...phalt ....
......pe<l off Mth p1.e<:.... _ to tl>I peab 01 t""8!mtlll.
Tke KUpt.r>a ...1 __ "t"" • uaor blade••pp'l,!q lt1 Itr.ta;lIt .dp
ao>d .""td./a,g .... 01 tlla toru>:" (as).8 Ti\l.a opnatt"" _I """ioul """
~lICIutTed. __ pat'-ta .Dd aktll. Att... 1<:.",1.1:&, =,"10" rotk IlI.<II ..........sed.
&l'llV'Il look vot)' ......10 dike ucept 1ft so.o a~.up ao.a1AIl 01 tba I.......,.
TboI pIIrt1cle. -... _1.&Md ...14 14.1>: ..... 1D _tHo .1..l.q dl>:..,~
lnIloour-..l: of ~bll>: peckiDg _1_.. PI:l'the,"""'., the three d~""""
ll, I for ucb rock ,lAco ..ar. __ • ...s thel>: u ourf....
uu utcul.~ UI1II& W ololp1l.fiAd ....,..tioo of proillte .,bII'oido,
A-l.d (4 _:.14-1r.)
_.





III pract1C1l1 tho II'CII for Ncb """k ,100'" wen ohdaed llItq •
p".~h 1de11~1"",1 eo P'ls=. 5 blot ... It> 'lXp"nded oule. Ulq tho ..._.
ute, ......1ty vol......cr... ulc:u1&tod kr dUtor..t lu.>I """ klD4a 01
,
J. .t'- .. &:Ioun~ of uphdt 011 rock, ClIl
......J s.."fI.... Uq of l'Oek, "",2
TboI _••! &lI4 • vol.... Doed I.ll Rlr"'" uea ulculat1on& for IlaCb
"o<:k ....roo .. leo u....fI01 fll" ""lcu1at1Ql; pIIcldn(; VOtt-1 '""" COIIIpaI'lll3 ~be
.."ttl ~boaa _ ...nd "" tbo ""till: d1o,la<_t ...t!:ed. Jtnl.eUod
<lUf.,.....,. _lye1.. :lnd1cnod Olt dinct _1...--1' ... tAg the "" d
elIIpe of ..lUpaold I.e 14 Jood ..~_t Il1.tb 1'1>* "".lulu of the 1.-·
b]t.....tH-d11'le_~..thod (f<>" dIlCollUd _l,..te IC.. .lppoildu 3).
orM...., ......I~ """"'''''I' pthOd for _our1"l1 Pl'tldDa _1..-1 ..f PI',,~1tl...
III .,,4ft ~o dotull1De ~1ff._. 10 tbl> I!>lIpe of olllll<l"W.,
<:O!IpKUoae VOlt. ateo ..de _ ,!f., ,',./" ."d aI. nt1o:o for ...1'1.....
"_lyollo la "",..,n", ~ ta:i1at&ll _r. ....Ufat
-,.
.....c._
.. ,..b1M out 'l*'btoo..l1, U. ,.an.l.cl~ ....1... 4t.ttU,uu._ 0'
<mollbod 1~5"'" _ ......- tr,..... t t.... 0"T _ .1;nP~.1 I.e __
-to M dlff_tl1f~ t ...... ~ _ d .... du tnet""". ,tpro 7
II...... O:lalpl. of ~ckizlll ",,1_ di.r;.-l....ti... ""'>:W• ..~t.o1Md for ..
,,"e.1D lit:'- 31&"cn.... 11"0'.'" _ltd """ ..,. ow. _d. 11>. eM ....
• 1 tloa U"O«l£l. dlft, I.e .. '-""" for eM .~_ ...1_ of _ ",rt1d..
0. IIC _11.... It 13 ~c.oI tblt _ ..,.. of~ f~ .. ,1_ .....-n7
the __ of _t 1"'1":', to ~lo euIl1c.lo1 """,k1lo& _ l.a ..
• oe:r.-l_.l {~j ...,lttDt of ., 11 6 _ U .....,..,,1'o.J.,-. n.
_ ........., "Wu. . to ..111_1.ol. l& .lId..... 100 potkb;p.
'!loI __ of _t ,..u.u f"" tile at. ~. of _ 1_ IlllI"PUil
WIn "·em'¥'l!. ". _ ...-clcu........ _tey. uu. ••~lt ~tbc f,"
i<tut_. n.. PO' +r """,1_.~ ._c :;co ..., (IOU .. "..n)
of ""~ at 3lllI , DUll '''DC _'I. 61).10 _,tratioa upl>alt to flU
t.ho ....1_ of 't\lPdt,. ",. ......ted ....... wutI C_ "la_ lD .. e....,.hlft
d~h"lbut1............. ~ .-.. lG rtaure 8. .....l.., ... d."lflcaa~ dltfanaou
lG --., ..I COI1t8~U tw.__ kl.adl nd llu. o! rKQ .... foImd
(_ AfpeDdh 5). It to ......Ud thot the _r 01 cClllUct ""lU.
to<:_lII...ith t_"" """'P'"tlo.. o~ eM p.trtlcto. (all).




Tbft to""l ....13\>t Z II of ltIoh ~ OIl.. of " partl.<:lu -.101 be
,
(~l
Eq...tlOQ m ,...Ito t\>:o "U""I"tl.... of boll ..ch b,. .... l.l;llt of " Urt.1Jo.
".1u" ot rod< II to be Ukeo to ol>t.I,,1 ..bo" packlG& ....1_ tv, !or
I .JI•• 01 puUe1u.
If EqUlltlon ilVI hold..."" 11 .tldLna hlc~l"" le .1II!l.u deb tboo
ehr.. rod<. to...~, tho)' lbould hi... liloU... bulk ....1_. foe 1d8Iltl...1






















































































































































































































































































































































































































































































































































































































:n. pr1afl't'J pI of .11101 .todJ .... to -..~b for • t1DUytq 'ppn>e~b
to the "bIOra<ot.ruetl.o<l. of '"",I'~ peruct... of "..,t..... k1lule _
.in.. !lui e<:cpe hoe bo-.. ll.atcd to thre. type. el'''' thrH .la. of
est;r'lI"c.. in clio .....r ... O&I>-eeate ""P'
n.. "",U-&1 t.,potbelh .... thot the vol... vbl,,11 • perUel.-.. lerp
"h..r~<:tfttottc ...."" • ,tee. of tock O"CII'",' b .• bulk. T1>h P'lC'k1l>&
vol.- <:all bG obtatn.<l u..~ &quatUla .'1:,
vhen C lA 4.ftne4 by Eq\l.ltloo ltIll.
_ r ben 4...111>& "Ub bulk <leutty (Ot poro1U7) """tb<tt type
of lpocUlc lIt t<:y to; .. to<:k ,t.CI be.ad .........ktGa "01_ " _y be
WIlful nd." cO'~14 be ",,1114 fUIdq ~~tft.e it""vUy. G,. U W to




__l..11y. C, _ld bot tM 1........ of .11 ",-17 e..4 I!'f'etftc lIt Uy
Vllo.. 11000 _M ",,1.- tDclud.. outface> voldo. It "01114 be c .
fer 01>0 glvtl1 ,,,,11_ of t<><.k. but !IOUl'" vir}' ..tth tack dn ..lid <:ypo
""""..... lurfa.,. t"'~•• .Il1d ..... f"'" ..,.... whtcll.n "",0::<:1"". <If wek
.t... _ typo. 4..t<>..1"" ...rtlc. volAl. rc- Equa<:lon J:Vl ......1gh<:-V<lI..-
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~ ~. 0' 'I .. '. i' •• ~t ~l " ;) •• h !1l =. 0' ., " ". '. •• • , •
naodt,' f...,"o" 11.. .1.100••hIopoo d1d .... " bav<o • ""d_bt. l.nU.........
It 1>1 difficult "0 "l' ..el> .bOut tboo .fleeu of J,. ruto. Inpr
than 3.r.•• lAce "hi rocu .....d did DOt _d thle 1 .
In thi••tu'" _ pardel. _1.- dhulhuU"" _ ...... nthar
perdcl.. "ut bove ..t. """plex ~"ktns behavior. IHff..,..,,,,,. "Ul be
l ..troduood by t'oe v.... l.att.ol1e 1<: l"Uiodty II. "Uh ,.rUd. ""1_ .ed tho
thl .""""pto of ",.king ""I"",,, eel> he ._d ",1<_t <:m.h dUI1C1l1ty
.., thl u ... of ..,ltt·.1=8 PIIrttelu probahl, ......... to thOl riU.... d ...
tbio ."Ul "....1,.. .., he _ ..... t.d.
b) If dUf."cnt .u;nsa.... ~ .... su<le4 bl' ",rt1<:1e "01_. ,,11......,.,-
.<BpII"u.... tD .hick leye... ohou1d requtr. 1denU...1 off""t aad the1..
perform<luce IIlAY =t hlI FUU" dtfferent p"""lded othe" eoed1UOIU
.. luhr1..UDI h1n6ar h.. .., hlI """.Were<! tn Ohtll.nl.n& 1douU..l """,kohUt.,..
d) T!te ,..k1n,a ",,1_ """"'"lOt .,,..rv to off.... ,..""'1..... unU1e<I
IOU de.tp .ppreath for d1ver.. type. of .ear-pt......d 10 c"".......Uo"
.j G••dl"! by la'" .1M h ••GUd to ~ " ..lui f"" obtlo1.nl".
"asupte IrdlUOII by ""I""",.
calCWSlOIIS
of til""l "".tid. ".*_" II Ge, 0.11 GG .ud 0.011 GO (ob<>.lt 3/11", 3/8"
oll4l 1/8" ....l'4'etl....1'). Uthoush on tillo bI;.t.........1 t.poruu.
0wo5l" ""d.blu bow bo.. lDcll>dlld .... 0 t-,t.J.y br<>U<l _co.lo ...... 1.
h 1"'_101_ tbo:t tbo"" eo""I".1aI>a en ~ .ppU.d to II vtcl1n: nqU of
&&an5lt.. thon tllOI. nudled, Ul>In.l<>n of tl>I "dUity of tbl fla<ll.np
boyo:l.j the "p""'IU.e .""P" of ~hb ..tidy .--1"" to III _tnted.
1. PIl.tldo po:ek~ "01..-, tb.....1_ <rhloll I pau of l&JrfIptl
oo>"""al In ....... of putlol...... h • ,.._ru. ""lfytna; tbo bulk _'It...
""of/coot.. "ggrui*tl. c._.IOd.
2. TlIu !W"k1:l1 ~ol_ c,... boo qusnUtIo.I....J.y <leU""" by:
(Il pa.Hcll 1_tQ'.1ld "I""b"''' ....., Ind
(b) t\l&Ollty of thl ,..Ucl••
3. RIlI,,"lt)' Lncll>dll 1"'t..U,. ,"""fae , _ ""...,..n·l.
poru, pl,," __ "osulutt)' 01 """.Uel.. It h d1reody pro,.,..tl_1
ebar.e....1.ud by un Illtvaold.
,. OM ....1_ ("I1a8") .11lplOldI f.6uU, PIck ltu Iphft'Q,
Ilv1.na p<n'O_utotl 1......1""1 to t1..... of ~pMl""", "$I"dl... of IUu
lUUI dtan"toM.
"
6. 'ZbIl thne nH:U, v1tb th:t.. • 1Me deb, "'"-va loJ-nUcal porodtl.e.
with ldaDUcal total piIIclr.i"ll ",,1_. £ V, ...,
.) J><I'¢'ld tn..... c:<>ntal.l>h" u=.r 1<le<lu...l c_Utoa.. M
10) _po;cted b7 "ibra~ ce<op&cc...... ......, UoIIU",,1 "_itt......
..
n.. ""thou vt,,11 to at_l~ .1>01 auut<>nu o~ tbe Bunau of
fub1l.<: loada, Il.S. IlOpolt_ of nc&Daporuu."". r..t.rd S1&hW&y
"'<b1nutnotlen ..lUI tb.. lnd,""", su~ 111.1_,. C"",",ullon, ,,1\0 nppotted
CM tnv'nttpU"".
t.boratory cutinG .... ...uri" t 111 elto 1I1a.1<>oIu lWt<otlllb
t..~.toty of u.. Joi". 1I1&_:J Jt.o ch 1":"ojact at 1'u,,"". lInt....,.1_,.
loaf-,Ute, lDd1:lna.
1. Cl:onhau&, A. IYIIl...UOI:l.nd 1DfI.....a of .t.agrq,n. Futlel. 511Io,.
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